Scope
The Open Provenance Model (OPM) is a model for provenance that is designed to meet the following requirements:
-To allow provenance information to be exchanged between systems, by means of a compatibility layer based on a shared provenance model. -To allow developers to build and share tools that operate on such provenance model. -To define the model in a precise, technology-agnostic manner.
-To support a digital representation of provenance for any "thing", whether produced by computer systems or not. -To define a core set of rules that identify the valid inferences that can be made on provenance graphs.
While specifying this model, we also have some non-requirements:
-It is not the purpose of OPM to specify the internal representations that systems have to adopt to store and manipulate provenance internally; systems remain free to adopt internal representations that are fit for their purpose. -It is not the purpose of [8, 10] to define a computer-parsable syntax for this model; model implementations in XML, RDF or others are being specified in separate documents. -OPM does not specify protocols to store provenance information in provenance repositories. -OPM does not specify protocols to query provenance repositories.
Technical Overview
The foundations of the Open Provenance Model can be traced back to the Second Provenance Challenge 'community agreement', summarized by Miles [6] . It is assumed that the provenance of objects (whether digital or not) can be represented by an annotated causality graph, which is a directed acyclic graph, enriched with annotations capturing further information pertaining to execution.
In OPM, provenance graphs consist of three types of nodes. Artifacts represent an immutable piece of state, which may have a physical embodiment in a physical object, or a digital representation in a computer system. Processes represent actions performed on or caused by artifacts, and resulting in new artifacts. Agents represent contextual entities acting as a catalyst of a process, enabling, facilitating, controlling, or affecting its execution.
Importantly, in OPM, a provenance graph is defined as a record of a past execution (or current execution); it is not a description of something that may happen in the future, nor a general recipe (workflow) that could be used to derive future data. OPM is a model of artifacts in the past , explaining how they were derived. Processes may be in the past, or can still be currently running. In no case is OPM intended to describe the state of future artifacts and the activities of future processes.
A provenance graph aims to capture the causal dependencies between the abovementioned entities. Therefore, nodes, whether artifacts, processes or agents, can be connected by directed edges that belong to one of the categories defined in the model. An edge represents a causal dependency, between its source, denoting the effect, and its destination, denoting the cause. Edges can express the following dependencies: an artifact was generated by a process; a process used an artifact; a process was controlled by an agent; an artifact was derived from another artifact; a process was triggered by another process.
A set theoretic model is proposed, and a set of inference rules are defined, allowing reasoning over causal dependencies. While the core model is timeless, it is permitted to annotate a provenance graph with time annotations, which themselves must satisfy constraints regarding causality.
Conclusion
The Open Provenance Model is work in progress, as indicated by the issues raised in the OPM Workshop [5] . We hope to capitalize on the community momentum, to keep on evolving the OPM specification into a well-founded data exchange format. It is proposed that OPM be used as a model for an inter-operability exercise, in a third Provenance Challenge. Serialisations are now being proposed for OPM, and libraries to manipulate provenance graphs are being implemented. All material related to OPM can be found from [11] .
